
ɇɛɐɛŬ ȷŮɘűɞɟɘəɐɠ ũŮɤɟɔɑŬɠ 

ũŮɤˊɞɜɘəɐ Ɇɢɞɚɐ

ü ȹȽȷȿɈɇɃɇȼɇȷ ȾȷȽ ȽɆɃɅɅɃɄȽȺɆ ɆɈɀɄȿɃȾɋɁ 

ȽɃɁɇɋɁ: ȽůɞɟɟɞˊɑŮɠ ȹɘŬɚɡŰɧŰɖŰŬɠ, ȽůɞɟɟɞˊɑŮɠ 

Ɇɨɛˊɚɞəɤɜ ȽɧɜŰɤɜ, ȺűŬɟɛɞɔɐ Ƚůɞɟɟɞˊɘɩɜ 

ȹɘŬɚɡŰɧŰɖŰŬɠ

ũŮɜɘəɐ ï ȷɜɧɟɔŬɜɖ ɉɖɛŮɑŬ



ȽůɞɟɟɞˊɑŮɠ ȹɘŬɚɡŰɧŰɖŰŬɠ 

ȼ ůŰŬɗŮɟɎ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŭɘŬɚɡŰɧŰɖŰŬɠ K sp
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ȳŰŬɜ ɘɞɜŰɘəɐ ɏɜɤůɖ ŭɘŬɚɡɗŮɑ ůŰɞ ɜŮɟɧ, ŰŬ ɘɧɜŰŬ Űɖɠ 

ŮɚŮɡɗŮɟɩɜɞɜŰŬɘ ůŰɞ ŭɘɎɚɡɛŬ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧɛɤɠ ˊɞɡ ˊŮɟɑůůŮɘŬ ŭɡůŭɘɎɚɡŰɖɠ 

ɘɞɜŰɘəɐɠ ɏɜɤůɖɠ ŬɜŬɛɘɢɗŮɑ ɛŮ ɜŮɟɧ, ɏɢɞɡɛŮ ŰŮɚɘəɎ

ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ Űɖɠ ůŰŮɟŮɐɠ ɞɡůɑŬɠ əŬɘ Űɤɜ ɘɧɜŰɤɜ 

 ŬɡŰɐɠ ůŰɞ əɞɟŮůɛɏɜɞ ŭɘɎɚɡɛŬ.



ȼ ůŰŬɗŮɟɎ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŭɘŬɚɡŰɧŰɖŰŬɠ K sp ɛɘŬɠ 

ɏɜɤůɖɠ, ŮɑɜŬɘ ɑůɖ ɛŮ Űɞ ɔɘɜɧɛŮɜɞ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ 

ɘůɞɟɟɞˊɑŬɠ Űɤɜ ɘɧɜŰɤɜ Űɖɠ, (ŮəűɟŬůɛɏɜɤɜ ůŮ mol/L)  

ɡɣɤɛɏɜɤɜ ɔɘŬ Űɞ əɎɗŮ ɏɜŬ, ůŮ ŭɨɜŬɛɖ ɑůɖ ɛŮ Űɞɜ 

Ŭɟɘɗɛɧ Űɤɜ ɘɧɜŰɤɜ ˊɞɡ ŭŮɑɢɜŮɘ ɞ Űɨˊɞɠ Űɖɠ ɏɜɤůɖɠ.
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·ȷˊɧ Űɖ űɨůɖ Űɞɡ ɖɚŮəŰɟɞɚɨŰɖ

·ȷˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ. 

 Ɇɡɜɐɗɤɠ ɖ ŭɘɎɚɡůɖ ŮɑɜŬɘ űŬɘɜɧɛŮɜɞ 

ŮɜŭɧɗŮɟɛɞ, ɞˊɧŰŮ ɧŰŬɜ ɖ ɗŮɟɛɞəɟŬůɑŬ 

ŬɡɝɎɜŮŰŬɘ, ŬɡɝɎɜŮŰŬɘ əŬɘ ɖ Űɘɛɐ Űɞɡ 

ɔɘɜɞɛɏɜɞɡ ŭɘŬɚɡŰɧŰɖŰŬɠ.

4 ɚɾɾʀʇʅʆʙ ɚʌȢ ɜɻʇʗʉʂ



ȺɎɜ ŮɑɜŬɘ ɔɜɤůŰɐ ɖ Űɘɛɐ Űɖɠ ŭɘŬɚɡŰɧŰɖŰŬɠ ɛɘŬɠ 

ŭɡůŭɘɎɚɡŰɖɠ ɏɜɤůɖɠ, ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ əŬɘ ɖ 

Űɘɛɐ Űɞɡ ɔɘɜɞɛɏɜɞɡ ŭɘŬɚɡŰɧŰɖŰŬɠ K sp əŬɘ Űɞ ŬɜŰɑůŰɟɞűɞ.

ɄŬɟɎŭŮɘɔɛŬ

ɇɞ ɞɟɡəŰɧ űɗɞɟɑŰɖɠ, ŮɑɜŬɘ űɗɞɟɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ, 

ŭɖɚŬŭɐ CaF2 ȺɎɜ Űɞ Ⱦsp=3,4Ĭ10-11, ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ 

ŭɘŬɚɡŰɧŰɖŰŬ

ɆɡɔəɏɜŰɟɤůɖ  CaF2(s) ᵶCa2+(aq) + 2F-(aq)

ȷɟɢɘəɐ                                       0                0

ɀŮŰŬɓɞɚɏɠ +ɢ              +2ɢ

ɇŮɚɘəɎ ůŰɖɜ ɘůɞɟɟɞˊɑŬ                    ɢ                 2ɢ

         [Ca2+][F -]2=K sp = (x)(2x)2 ɎɟŬ ɢ = 2,0Ĭ10-4
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ȼ ŭɘŬɚɡŰɧŰɖŰŬ ɛŮɘɩɜŮŰŬɘ ɛŮ Űɖɜ ŮˊɑŭɟŬůɖ əɞɘɜɞɨ 

ɘɧɜŰɞɠ

ȰůŰɤ ɧŰɘ ˊɟɞůŰɑɗŮŰŬɘ ůŰɞ ɜŮɟɧ ɖ ŭɡůŭɘɎɚɡŰɖ ɏɜɤůɖ 
ɗŮɘɘəɞɨ ŬůɓŮůŰɑɞɡ
CaSO4(s) ᵶCa2+(aq) + SO4

2-(aq)  (1)

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ˊɟɞůŰŮɗŮɑ əŬɘ ŮɡŭɘɎɚɡŰɞɠ CuSO4

CuSO4(s) ᵶCu2+(aq) + SO4
2-(aq) (2)

ɇŬ Ůˊɘˊɚɏɞɜ ɘɧɜŰŬ SO4
2-, Ŭˊɧ Űɖ (2), ɗŬ ɛŮŰŬŰɞˊɑůɞɡɜ 

ůɨɛűɤɜŬ ɛŮ Űɖɜ Ŭɟɢɐ Le Chatelier Űɖɜ (1), ŬɟɘůŰŮɟɎ 
əŬɘ ɏŰůɘ ɗŬ ɏɢɞɡɛŮ Ůˊɘˊɚɏɞɜ ɛŮɑɤůɖ Űɖɠ ŭɘŬɚɡŰɧŰɖŰŬɠ 
Űɞɡ CaSO4
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ȺˊɑŭɟŬůɖ pH ůŰɖ ŭɘŬɚɡŰɧŰɖŰŬ ŭɡůŭɘɎɚɡŰɞɡ ɎɚŬŰɞɠ

ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ŭɡůŭɘɎɚɡŰɖ ɏɜɤůɖ ŭɑɜŮɘ Ŭɜɘɧɜ ˊɞɡ 

ŮɑɜŬɘ ůɡɕɡɔɐɠ ɓɎůɖ ŬůɗŮɜɞɨɠ ɞɝɏɞɠ, ɖ ŭɘŬɚɡŰɧŰɖŰŬ 

ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞ pH.

ȷɡŰɧ ɔɘŬŰɑ ɛŮ Űɖ ɛŮɑɤůɖ Űɞɡ pH, ŬɡɝɎɜŮŰŬɘ ɖ [ȼ3Ƀ
+], 

əŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ŬɜɘɧɜŰɞɠ ŮɚŬŰŰɩɜŮŰŬɘ Ŭűɞɨ 

ŬɡŰɧ ůɢɖɛŬŰɑɕŮɘ Űɞ ŬůɗŮɜɏɠ ɞɝɨ. ȯɟŬ ɖ ɘůɞɟɟɞˊɑŬ 

ˊɟɞɢɤɟɎ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ŭɟɢɐ Le Chatelier ˊɟɞɠ ŰŬ 

ŭŮɝɘɎ əŬɘ ɖ ŭɘŬɚɡŰɧŰɖŰŬ ŬɡɝɎɜŮŰŬɘ.

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ F-

ůɡɕɡɔɐɠ ɓɎůɖ Űɞɡ 

ŬůɗŮɜɞɨɠ ɞɝɏɞɠ HF
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·ũɘŬ ɜŬ ůɢɖɛŬŰɘůŰŮɑ ɑɕɖɛŬ ɗŬ ˊɟɏˊŮɘ

ũɘɜɧɛŮɜɞ ɘɧɜŰɤɜ ȽȷɅ  > Ⱦsp

·ũɘŬ əɞɟŮůɛɏɜɞ ŭɘɎɚɡɛŬ ɗŬ ˊɟɏˊŮɘ

ũɘɜɧɛŮɜɞ ɘɧɜŰɤɜ  ȽȷɅ = Ⱦsp

·ũɘŬ Űɖ ŭɘŬɚɡŰɞˊɞɑɖůɖ Űɞɡ ɘɕɐɛŬŰɞɠ

 ũɘɜɧɛŮɜɞ ɘɧɜŰɤɜ  ȽȷɅ < Ⱦsp

 

 

 

ɣʇɻʎʈɻʐʅʆʙʆɻʃʚʁʂʎʂ

ɃɜɞɛɎɕŮŰŬɘ ɏŰůɘ, ɖ ŰŮɢɜɘəɐ ŭɘŬɢɤɟɘůɛɞɨ ŭɨɞ ɐ əŬɘ 

ˊŮɟɘůůɧŰŮɟɤɜ ɘɧɜŰɤɜ Ŭˊɧ ɏɜŬ ŭɘɎɚɡɛŬ, ɖ ɞˊɞɑŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ŬɜŰɘŭɟŬůŰɖɟɑɞɡ ˊɞɡ 

əŬŰŬɓɡɗɑɕŮɘ ˊɟɩŰŬ Űɞ ɏɜŬ ɘɧɜ, ɛŮŰɎ Űɞ Ɏɚɚɞ ə.ɚ. .́
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ȯɚŬŰŬ ŬůɗŮɜɩɜ 

ɞɝɏɤɜ ŮɑɜŬɘ 

ˊŮɟɘůůɧŰŮɟɞ ŭɘŬɚɡŰɎ 

ůŮ ɧɝɘɜŬ ŭɘŬɚɨɛŬŰŬ

ȰůŰɤ ɖ ɘůɞɟɟɞˊɑŬ:
CaCO3(s) ᵶCa2+(aq) + CO3

2-(aq)
ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ůŰɞ ŭɘɎɚɡɛŬ ˊɟɞůŰŮɗŮɑ ɘůɢɡɟɧ ɞɝɨ Űɞ ɘɧɜ ɡŭɟɞɜɑɞɡ  
ɗŬ ŬɜŰɘŭɟɎůŮɘ ɛŮ Űɞ ŬɜɗɟŬəɘəɧ ɘɧɜ, ŭɘɧŰɘ ŬɡŰɧ ŮɑɜŬɘ ɖ ůɡɕɡɔɐɠ ɓɎůɖ 
ŬůɗŮɜɞɨɠ ɞɝɏɞɠ Űɞɡ ȼCO3

-
.

ȼ3Ƀ
+(aq) + CO3

2-(aq)ᵶH2O(l) + HCO3
-(aq)

ȺˊŮɘŭɐ ɗŬ ŬˊɞɛŬəɟɨɜŮŰŬɘ Űɞ ŬɜɗɟŬəɘəɧ ɘɧɜ Űɞ ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ ɛŮ 
ɓɎůɖ Űɖɜ Ŭɟɢɐ Le Ch©telier  ɗŬ ŭɘŬɚɨŮŰŬɘ. ɇɞ ɧŰɘ ɗŬ ŭɘŬɚɨŮŰŬɘ 
Ůˊɘˊɚɏɞɜ ˊɞůɧŰɖŰŬ ŬɜɗɟŬəɘəɞɨ ŬůɓŮůŰɑɞɡ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɧ 
ɛŮ Űɖɜ ˊŬɟŬŰɐɟɖůɖ Űɤɜ űɡůŬɚɑŭɤɜ CO2

ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɗŬ ˊɟɞůɗɏŰŬɛŮ ɘůɢɡɟɧ ɞɝɨ ůŮ ŭɘɎɚɡɛŬ CaSO4

CaSO4(s)ᵶCa2+(aq) + SO4
2-(aq)

ȼ3Ƀ
+(aq) + SO4

2-(aq)ᵶH2O(l) + HSO4
-(aq)

ɋůŰɧůɞ ŮˊŮɘŭɐ Űɞ HSO4
- ŮɑɜŬɘ əŬŰɎ ˊɞɚɨ ɘůɢɡɟɧŰŮɟɞ (ȾŬ=1,1 x10-2)

Űɞɡ HCO3
- (ȾŬ=4,8 x10-11), ɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ CaSO4 ŮˊɖɟŮɎɕŮŰŬɘ 

ŮɚɎɢɘůŰŬ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ CaCO3 Ŭˊɧ Űɖɜ 
ˊɟɞůɗɐəɖ ɘůɢɡɟɞɨ ɞɝɏɞɠ.



ɆɨɛˊɚɞəŬ ɘɧɜŰŬ ï ȽůɞɟɟɞˊɑŮɠ ůɡɛˊɚɧəɤɜ ɘɧɜŰɤɜ
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·Ɇɨɛˊɚɞəɞ ɘɧɜ:  ɇɞ ɘɧɜ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ ɧŰŬɜ ɏɜŬ 
ɛŮŰŬɚɚɘəɧ ɘɧɜ ůɡɜŭɏŮŰŬɘ ɛŮ ɛɘŬ ɓɎůɖ Lewis ɛɏůɤ 
ɞɛɞɘɞˊɞɚɘəɞɨ ŭŮůɛɞɨ ůɨɜŰŬɝɖɠ.

·ɇɞ ɛŮŰŬɚɚɘəɧ ɘɧɜ ŭɟŬ ɤɠ ɞɝɨ əŬŰɎ Lewis əŬɘ ŭɏɢŮŰŬɘ 
ɕŮɨɔɞɠ ɖɚŮəŰɟɞɜɑɤɜ Ŭˊɧ Űɖ ɓɎůɖ (ɞɡŭɏŰŮɟɞ ɛɧɟɘɞ ɐ 
ɘɧɜ).

·ȼ ɓɎůɖ ŭɘŬɗɏŰŮɘ ɛɞɜɐɟŮɠ ɕŮɨɔɞɠ ɖɚŮəŰɟɞɜɑɤɜ Űɞ 
ɞˊɞɑɞ ˊŬɟɏɢŮɘ ůŰɞ ɛŮŰŬɚɚɘəɧ ɘɧɜ. ȹɟŬ ɤɠ ɓɎůɖ əŬŰɎ 
Lewis.

·ɆŰŬ ůɨɛˊɚɞəŬ ɘɧɜŰŬ Űɞ ɛŮŰŬɚɚɘəɧ ɘɧɜ ɞɜɞɛɎɕŮŰŬɘ 
əŮɜŰɟɘəɧ ɎŰɞɛɞ əŬɘ ɖ ɓɎůɖ əŬŰɎ LewisɡˊɞəŬŰŬůŰɎŰɖɠ.



·ɇŬ ɡŭŬŰɘəɎ ůɨɛˊɚɞəŬ, ŮɑɜŬɘ ɞɡůɑŮɠ ŭɘŬɚɡŰɏɠ ůŰɞ 
ɜŮɟɧ. ȷˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŬˊɚɞɨůŰŮɟŮɠ ɞɡůɑŮɠ, ˊɞɡ 
ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɡˊɎɟɝɞɡɜ əŬɘ ŬɜŮɝɎɟŰɖŰŮɠ ůŮ 
ŭɘɎɚɡɛŬ.

 ũɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɞ ŮɜɡŭŬŰɤɛɏɜɞ ɘɧɜ Ag+, ŬɜŰɘŭɟɎ 
ůŰŬŭɘŬəɎ ɛŮ NH3 əŬɘ ůɢɖɛŬŰɑɕŮɘ Űɞ ůɨɛˊɚɞəɞ 
Ag(NH3)2

+

    

ȷg+
(aq) + 2NH3(aq)

 ᵶ ȷg(NH3)2(aq)

K f = [Ag(NH3)2
+] / {[Ag +][NH 3]

2}
 

 

ȼ ůŰŬɗŮɟɎ ɘůɞɟɟɞˊɑŬɠ ɗŬ ɚɏɔŮŰŬɘ 

ůŰŬɗŮɟɎ ůɢɖɛŬŰɘůɛɞɨ ɐ ůŰŬɗŮɟɧŰɖŰŬɠ.
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ɇŬ ůɨɛˊɚɞəŬ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ůŮ ɛɘŬ ɘůɞɟɟɞˊɑŬ. 

Ƀɘ ŮɜɩůŮɘɠ Űɤɜ ɞˊɞɑɤɜ ŰŬ ɘɧɜŰŬ ůɢɖɛŬŰɑɕɞɡɜ 

ůɨɛˊɚɞəŬ, ɏɢɞɡɜ Ŭɡɝɖɛɏɜɖ ŭɘŬɚɡŰɧŰɖŰŬ ůŮ ůɢɏůɖ 

ɛŮ ŬɡŰɐ ˊɞɡ ˊɟɞɓɚɏˊŮŰŬɘ Ŭˊɧ Űɞ ɔɘɜɧɛŮɜɞ Űɖɠ 

ŭɘŬɚɡŰɧŰɖŰɎɠ Űɞɡɠ.

 

 
ȰůŰɤ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ˊɤɠ ɗɏɚɞɡɛŮ 

ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ Űɖ ŭɘŬɚɡŰɧŰɖŰŬ 

Űɞɡ AgCl (ŭɡůŭɘɎɚɡŰɞ ɎɚŬɠ)ůŮ 

ŭɘɎɚɡɛŬɁȼ3 1,0 ɀ
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ɆŰɞ ŭɘɎɚɡɛŬ ɗŬ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ŭɡɞ ɘůɞɟɟɞˊɑŮɠ:

1. AgCl(s)  ᵶAg+
(aq) + Cl-(aq)

2. Ag+
(aq) + 2NH3(aq)ᵶAg(NH3)2

+
(aq)

AgCl(s) + 2NH3(aq)ᵶAg(NH3)2
+

(aq) + Cl-(aq) 

ɇŮɚɘəɎ ɖ ůŰŬɗŮɟɎ ɘůɞɟɟɞˊɑŬɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ

ŪŬ ŮɑɜŬɘ ȾC= K spK f = [Ag+][Cl-] [Ag(NH 3)2
+]

[Ag+][NH 3]
2

ȷˊɧ ˊɑɜŬəŮɠ ɧɛɤɠ ɔɜɤɟɑɕɞɡɛŮ əŬɘ Űɖɜ Űɘɛɐ Űɞɡ Ⱦsp 

əŬɘ Űɖɜ Űɘɛɐ Űɞɡ ȾfɎɟŬ 

ȾC= K spK f = (1,8Ĭ10-10)(1,7Ĭ107) = 3,1Ĭ10-3
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ɆɡɔəɏɜŰɟɤůɖ        AgCl(s) + 2NH3(aq)ᵶAg(NH3)2
+

(aq) + Cl-(aq) 

(ɀ)                 

ȷɟɢɘəɐ                                       1,0                0                         0

ȷɜŰɘŭɟɞɨɜ/ˊŬɟɎɔɞɜŰŬɘ                -2ɢ            +ɢ                         +ɢ

ɇŮɚɘəɎ ůŰɖɜ ɘůɞɟɟɞˊɑŬ             1-2ɢ              ɢ                           ɢ

K spK f =  3,1Ĭ10-3 = [Cl-] [Ag(NH 3)2
+] =    ɢ2               

                                             [Ɂȼ3]
2            (1,0 ï 2ɢ)2

       ɢ         = 0,056          ȯɟŬ ɢ = 0,050

1,0 ï 2ɢ

 ɇɞ K sp ɏɢŮɘ Űɘɛɐ 1,8Ĭ10-10 əŬɘ ůɨɛűɤɜŬ ɛŮ ŬɡŰɧ ɖ 
ŭɘŬɚɡŰɧŰɖŰŬ Ŭɜ ɡˊɐɟɢŮ ɛɧɜɞ AgCl əŬɘ ɧɢɘ Ɂȼ3 ɗŬ ɐŰŬɜ 
0,014Ĭ10-8 ŬɜŰɑ Űɖɠ 0,05 ˊɞɡ ŮɑɜŬɘ ŰɩɟŬ.
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·ɆɨɛˊɚɞəŮɠ ŮɜɩůŮɘɠ ɐ ŮɜɩůŮɘɠ ůɨɜŰŬɝɖɠ ɐ 

ŮɜɩůŮɘɠ ɏɜŰŬɝɖɠ ɐ ůɨɛˊɚɞəŬ, ɞɜɞɛɎɕɞɡɛŮ 

ɏɜŬ ůŰŬɗŮɟɧ ůɡɔəɟɧŰɖɛŬ ŬŰɧɛɤɜ, 

ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ ɏɜŬ əŮɜŰɟɘəɧ ɎŰɞɛɞ, 

ůɡɜɐɗɤɠ ɛŮŰŬɚɚɞɥɧɜ, Ůɜɤɛɏɜɞ ɛŮ ɞɟɘůɛɏɜɞ 

Ŭɟɘɗɛɧ ɘɧɜŰɤɜ ɐ ɞɡŭɏŰŮɟɤɜ ɛɞɟɑɤɜ.

·ɇŬ ɘɧɜŰŬ ŬɡŰɎ ɐ ŰŬ ɞɡŭɏŰŮɟŬ ɛɧɟɘŬ ɚɏɔɞɜŰŬɘ 

ɡˊɞəŬŰŬůŰɎŰŮɠ, əŬɘ ɞ Ŭɟɘɗɛɧɠ Űɞɡɠ, Ŭɟɘɗɛɧɠ 

ůɨɜŰŬɝɖɠ ɐ ɏɜŰŬɝɖɠ Űɞɡ ɛŮŰŬɚɚɞɥɧɜŰɞɠ. 
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3+

NH3 NH3

H3N Co NH3

NH3 NH3

ȷɟɘɗɛɧɠ ɏɜŰŬɝɖɠ ɐ ůɨɜŰŬɝɖɠ 
əŮɜŰɟɘəɞɨ ŬŰɧɛɞɡ= 6

 ūɞɟŰɑɞ = ŬɚɔŮɓɟɘəɧ ɎɗɟɞɘůɛŬ 
űɞɟŰɑɤɜ Űɤɜ ůɡůŰŬŰɘəɩɜ 
Űɞɡ: +3(Co) +0(NH3) = +3

Ʉ.ɢ. 

{Fe(CN)6}
4-=+2(Fe) +6(-1)(CN)

=-4
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·ȾŬŰɘɞɜɘəɎ :{Co(NH3)6}
+4

·ȷɜɘɞɜɘəɎ: {Fe(CN)6}
-4

·ɃɡŭɏŰŮɟŬ: Fe(CO)5

17



ũɘŬ ɜŬ ŭɟɎůŮɘ ɛɘŬ ɞɡůɑŬ ůŬɜ ɡˊɞəŬŰŬůŰɎŰɖɠ ɗŬ ˊɟɏˊŮɘ 

ɜŬ ɏɢŮɘ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ ŮɚŮɨɗŮɟɞ ɕŮɨɔɞɠ ɖɚŮəŰɟɞɜɑɤɜ, 

(ɛɖ ŭŮůɛɘəɧ ɕŮɨɔɞɠ ɖɚŮəŰɟɞɜɑɤɜ)

 

 

 Ƀ ɡˊɞəŬŰŬůŰɎŰɖɠ L (ɓɎůɖ əŬŰɎ Lewis) ˊɟɞůűɏɟŮɘ Űɞ 

ŮɚŮɨɗŮɟɞ ɕŮɨɔɞɠ ɖɚŮəŰɟɞɜɑɤɜ ůŰɞ əŮɜŰɟɘəɧ 

ɛŮŰŬɚɚɞɎŰɞɛɞMn+(ɞɝɨ əŬŰɎ Lewis).

 Ƀ ŭŮůɛɧɠ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ ɞɜɞɛɎɕŮŰŬɘ ɞɛɞɘɞˊɞɚɘəɧɠ 

ŭŮůɛɧɠ ůɨɜŰŬɝɖɠ ɐ ŭɞŰɘəɧɠ ɞɛɞɘɞˊɞɚɘəɧɠ ŭŮůɛɧɠ
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·ɀɞɜɞŭɞɜŰɘəɞɑ ɞɜɞɛɎɕɞɜŰŬɘ ɞɘ ɡˊɞəŬŰŬůŰɎŰŮɠ ˊɞɡ 

ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞ əŮɜŰɟɘəɧ ɛŮŰŬɚɚɞɎŰɞɛɞ ɛŮ ɏɜŬ 

ŭŮůɛɧ ůɨɜŰŬɝɖɠ, (əŬŰŬɚŬɛɓɎɜŮɘ ɛɘŬ ɗɏůɖ ůɨɜŰŬɝɖɠ 

.́ɢ. Ɂȼ3. 

·ɄɞɚɡŭɞɜŰɘəɞɑ ɧŰŬɜ əŬŰŬɚŬɛɓɎɜɞɡɜ ˊŮɟɘůůɧŰŮɟŮɠ 

Ŭˊɧ ɛɘŬ ɗɏůɖ ůɨɜŰŬɝɖɠ .́ɢ. EDTA, ŬɘɗɡɚɏɜɞŭɘŬɛɑɜɖ, 

(en)
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ɄɞɚɡŭɞɜŰɘəɞɑ ɡˊɞəŬŰŬůŰɎŰŮɠ

ũȺɁȽȾȼ ɉȼɀȺȽȷ, EBBING D. DARRELL, GAMMON D. STEVEN, ɀŮŰɎűɟŬůɖ ȾɚɞɨɟŬɠ, 2011, ȺəŭɧůŮɘɠ ɇɟŬɡɚɧɠ

20



 ȳŰŬɜ ɖ ůɨɜŰŬɝɖ Űɤɜ ˊɞɚɡŭɞɜŰɘəɩɜ

ɡˊɞəŬŰŬůŰŬŰɩɜ ɔɨɟɤ Ŭˊɧ Űɞ əŮɜŰɟɘəɧ 

ɛŮŰŬɚɚɞɎŰɞɛɞ ɞŭɖɔŮɑ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ 

ŭŬəŰɡɚɑɞɡ, Űɞ ůɨɛˊɚɞəɞ ɞɜɞɛɎɕŮŰŬɘ ɢɖɚɘəɧ.
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EDTA

22

ŪŬɜɎůɖɠ ȸŬɚŬɓŬɜɑŭɖɠ, ȷɜŬˊɚ. ȾŬɗɖɔɖŰɐɠ-ȾɤɜůŰŬɜŰɑɜɞɠ ȺɡůŰŬɗɑɞɡ, ȾŬɗɖɔɖŰɐɠ ȼ ɢɖɛɘəɐ ɏɜɤůɖ Űɞɡ 
ɛɐɜŬ[ɀɎɟŰɘɞɠ 2009], ɉɖɛɘəɎ ɉɟɞɜɘəɎ

http://www.chem.uoa.gr/personel/Laboratories/OrganicChem/cvs/valavanidis.htm
http://www.chem.uoa.gr/personel/Laboratories/AnalyticalChem/cvs/Efstathiou.htm


Ag+(aq) + 2NH3(aq) ᵶAg(NH3)2
+(aq) 

ɚɾɾʀʇʅʆʙ ɚʌȢ ɜɻʇʗʉʂ23

·ɆŰŬɗŮɟɎ ůɢɖɛŬŰɘůɛɞɨ ɐ ůŰŬɗŮɟɎ ůŰŬɗŮɟɧŰɖŰŬɠ 

ůɨɛˊɚɞəɞɡ ɘɧɜŰɞɠ Ⱦf = [Ag(NH3)2
+)]

[Ag+][NH 3]
2

·ɆŰŬɗŮɟɎ ŭɘɎůŰŬůɖɠ ůɨɛˊɚɞəɞɡ ɘɧɜŰɞɠ Ⱦd =1

K f

Kd= [Ag+][NH 3]
2

[Ag(NH3)2
+)]

ɇŬ ɘɧɜŰŬ Űɤɜ ɛŮŰŬɓŬŰɘəɩɜ 

ůŰɞɘɢŮɑɤɜ ɏɢɞɡɜ Űɖ 

ɢŬɟŬəŰɖɟɘůŰɘəɐ ɘŭɘɧŰɖŰŬ 

ɜŬ ůɢɖɛŬŰɑɕɞɡɜ ůɨɛˊɚɞəŬ 

ɘɧɜŰŬ.
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Ƀ ůɢɖɛŬŰɘůɛɧɠ ůɡɛˊɚɧəɞɡ 

ɘɧɜŰɞɠ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ 

ɛŮɘɩůŮɘ Űɖ ůɡɔəɏɜŰɟɤůɖ 

ɛŮŰŬɚɚɘəɞɨ ɘɧɜŰɞɠ Űɧůɞ ɩůŰŮ 

ŬɡŰɧ ɜŬ ɛɖɜ əŬŰŬɓɡɗɑɕŮŰŬɘ ɤɠ 

ŭɡůŭɘɎɚɡŰɞ ɎɚŬɠ. 



ȺˊŬɛűɞŰŮɟɑɕɞɜŰŬ ɡŭɟɞɝŮɑŭɘŬ

ɚɾɾʀʇʅʆʙ ɚʌȢ ɜɻʇʗʉʂ
25

ȺˊŬɛűɞŰŮɟɑɕɞɜŰŬ ɡŭɟɞɝŮɑŭɘŬ ɞɜɞɛɎɕɞɜŰŬɘ ŰŬ ɡŭɟɞɝŮɑŭɘŬ 

ɛŮŰɎɚɚɞɡ ŰŬ ɞˊɞɑŬ ŬɜŰɘŭɟɞɨɜ Űɧůɞ ɛŮ ɓɎůŮɘɠ ɧůɞ əŬɘ ɛŮ ɞɝɏŬ.

ɄŬɟŬŭŮɑɔɛŬŰŬ ɛŮŰɎɚɚɤɜ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ ŮˊŬɛűɞŰŮɟɑɕɞɜŰŬ 

ɡŭɟɞɝŮɘŭɑŬ ŬˊɞŰŮɚɞɨɜ ɞ ɣŮɡŭɎɟɔɡɟɞɠ, Űɞ Ŭɟɔɑɚɘɞ, Űɞ ɢɟɩɛɘɞ(ȽȽȽ), 

ɞ ɛɧɚɡɓŭɞɠ(ȽȽ), ɞ əŬůůɑŰŮɟɞɠ(ȽȽ), əŬɘ ɞ əŬůůɑŰŮɟɞɠ(ȽV). 

ȼ ɘŭɘɧŰɖŰŬ Űɞɡ Ŭɟɔɘɚɑɞɡ ɜŬ ůɢɖɛŬŰɑɕŮɘ ŮˊŬɛűɞŰŮɟɑɕɞɜ 

Al(OH)3 ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɓɘɞɛɖɢŬɜɘəɎ ůŰɞ ŭɘŬɢɤɟɘůɛɧ 

Űɞɡ ɞɝŮɘŭɑɞɡ Űɞɡ ŬɟɔɘɚɑɞɡAl 2O3 Ŭˊɧ Űɞ ɞɟɡəŰɧ Űɞɡ 

Ŭɟɔɘɚɑɞɡ, Űɞ ɓɤɝɑŰɖ. 



26

ȺűŬɟɛɞɔɐ ɘůɞɟɟɞˊɘɩɜ 

ŭɘŬɚɡŰɧŰɖŰŬɠ: ɄɞɘɞŰɘəɐ 

ŬɜɎɚɡůɖ ɛŮŰŬɚɚɘəɩɜ ɘɧɜŰɤɜ

ɚɾɾʀʇʅʆʙ ɚʌȢ ɜɻʇʗʉʂ
General Chemistry Ebbing 

Gammon, 9th Edition



· ɆɈũɉɅɃɁȼ ũȺɁȽȾȼ ɉȼɀȺȽȷ (10ɖ ȹɘŮɗɜɐɠ Ȱəŭɞůɖ), Ⱦɤŭɘəɧɠ ȸɘɓɚɑɞɡ ůŰɞɜ Ⱥɨŭɞɝɞ: 
41964283, Ȱəŭɞůɖ: 1ɖ/2014, ɆɡɔɔɟŬűŮɑɠ: Darrell Ebbing, StevenGammon,ISBN: 978-
618-5061-02-9,ɇɨˊɞɠ: ɆɨɔɔɟŬɛɛŬ, ȹɘŬɗɏŰɖɠ (ȺəŭɧŰɖɠ): ɇɅȷɈȿɃɆ & ɆȽȷ ɃȺ

· ȺɘůŬɔɤɔɐ ůŰɖɜ ŬɜɧɟɔŬɜɖ əŬɘ ɔŮɜɘəɐ ɉɖɛŮɑŬ, Ⱦɤŭɘəɧɠ ɓɘɓɚɑɞɡ ůŰɞɜ Ⱥɨŭɞɝɞ: 68407230, 
Ȱəŭɞůɖ: 2ɖɏəŭɞůɖ/2014, ɆɡɔɔɟŬűŮɑɠ: ɁɘəɧɚŬɞɠ ɉŬŰɕɖɚɘɎŭɖɠ, ISBN: 9789609322072,
ɇɨˊɞɠ: ɆɨɔɔɟŬɛɛŬ, ȹɘŬɗɏŰɖɠ (ȺəŭɧŰɖɠ): UNIBOOKS,ȽȾȺ.

· ũŮɜɘəɐ ɉɖɛŮɑŬ, 13ɖɏəŭɞůɖ, Ⱦɤŭɘəɧɠ ȸɘɓɚɑɞɡ ůŰɞɜ Ⱥɨŭɞɝɞ: 50655974, Ȱəŭɞůɖ: 13ɖ/2015, 
ɆɡɔɔɟŬűŮɑɠ: Brown T. - LeMay E. - BursteB. - Murphy C. - WoodwardP. - StoltzfusM.,
ISBN: 978-960-418-515-3, ɇɨˊɞɠ: ɆɨɔɔɟŬɛɛŬ, ȹɘŬɗɏŰɖɠ (ȺəŭɧŰɖɠ): ȺȾȹɃɆȺȽɆ ȷ. 
ɇȻȽɃȿȷ & ɈȽɃȽ ȷ.Ⱥ.

· ũŮɜɘəɐ əŬɘ ȷɜɧɟɔŬɜɖ ɉɖɛŮɑŬ, Ⱦɤŭɘəɧɠ ȸɘɓɚɑɞɡ ůŰɞɜ Ⱥɨŭɞɝɞ: 22766911, Ȱəŭɞůɖ: 
1ɖɏəŭ./2012, ɆɡɔɔɟŬűŮɑɠ: ȿɎɚɘŬ - ȾŬɜŰɞɨɟɖ ɀŬɟɑŬ, ɄŬˊŬůŰŮűɎɜɞɡ ɆŰɏɟɔɘɞɠ, ISBN: 978-
960-456-335-7,ɇɨˊɞɠ: ɆɨɔɔɟŬɛɛŬ, ȹɘŬɗɏŰɖɠ (ȺəŭɧŰɖɠ): ȻɐŰɖ ɄŮɚŬɔɑŬ & ɆɘŬ Ƚ.Ⱦ.Ⱥ.

· https://chem.libretexts.org

· https://www.britannica.com/science/

· www.wikipedia.gr

· https://www.thoughtco.com/acids-and-bases-titration-curves-603656
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